Proximity-induced magnetism (PIM) in graphene (Gr) 
Introduction
Proximity-induced magnetism (PIM) is a process where a non-magnetic material acquires magnetization due to coupling with a magnetic film [1] . The first report on magnetic proximity was broadcasted in 1969 [2] in superconductors. It has been found that the superconducting transition temperature in Pb/Pd/Fe structure decreases with decreasing the thickness of Pd, indicating that the Pd layer became magnetized in contact with the Fe layer. Later, it has been shown that Fe and Co ferromagnetic materials can induce magnetization into 4d and 5d elements such as Pd and Pt. [3] [4] [5] [6] Very recently, the scenario revived and wider windows of materials have represented counterintuitively PIM. The Graphene (Gr) layer transferred on an electrically insulator yttrium iron garnet (YIG) thin film illustrates magnetic signal in the Hall Effect (AHE). The non-magnetic Gr layer has become magnetized while sitting on magnetic YIG thin film in a YIG/Gr bilayer. [7] This subject opened a field in view of deep understanding of the PIM in two-dimensional materials (2DM) family with many questions and proposals. [8] [9] [10] [11] [12] [13] [14] [15] There are several studies suggesting that the interface between the ferromagnetic and nonmagnetic materials is the key toward observing PIM. [16] [17] [18] Different approaches to achieve room temperature ferromagnetism in Gr have been reported by using magnetic nanoparticles (MNPs) with focus on the surface shape of matrix and the uniformity of MNPs on the surface of Gr multilayer. [19] However, study on particle size and distribution on the surface of Gr plates is rare.
In this paper, we report evidence of induced ferromagnetism at room temperature in graphene nanoplates (GNPs) with layer number less than three that is decorated by YIG-MNPs.
Technical application of magnetic Gr that is magnetized via the PIM is rare. Such magnetic plate can have alternative benefits compared to known MNPs, as they are being frequently used. The planar shape of Gr with high surface to volume ratio, while being magnetized, can be applied as magnetic shielding to absorb undesired magnetic field presented in different devices such as sensors. Nonetheless, such MNPs on the surface of Gr plates that provides PIM, occupy a little portion of the Gr plates surface. Hence, together with other well-known Gr functionalities, such PIM in Gr can be applied in many systems, such as bio-sensors and many other magnetic functional elements.
Here, we introduce technological application of such magnetic GNPs. Magnetic properties of such planar magnetic plates is employed to improve the sensing of the magnetoimpedance (MI) effect through their magnetic shielding ability. High sensitivity and facile technological requirements have presented the MI effect a rich research field. [20, 21] This effect is the change in electrical impedance against external DC magnetic field. The MI is determined through the skin depth (δ), δ = (ρ/πμtf) 1/2 , of the high frequency (f) current and the transvers magnetic permeability (μt) of metallic ferromagnet with electric resistivity (ρ). [22] Impedance of a metallic ferromagnet changes by the new skin depth of the current when external magnetic field is applied. Fundamental prospective of ferromagnetic metals and development of highly sensitive magnetic field sensors has increased interest in MI effect. [23] [24] [25] Therefore, the impedance of the ribbon is a function of frequency of driving current and external dc magnetic field (H) through μt and δ. At high frequencies, the skin depth δ decreases and so the current passes at the sheath of the ribbon and so the electrical and magnetic environmental conditions would highly affect the MI behavior. [26] This phenomenon has two prospects, one is related to the magnetic field sensor performance and another one is related to the environmental functionality response. There are reports on the magnetic field sensitivity enhancement by coating layers with different magnetization and conductivities on the surface of MI sensors. [27] [28] [29] [30] [31] [32] They can tune the MI response mainly due to closure of magnetic flux path at the surface of the MI elements. Interestingly, MI sensing element preserves as a surface media to probe the spin-orbit torque due to non-magnetic Pt [33] and IrMn [34] layer, as the thin skin depth is quite sensitive against tiny changes at the surface.
Recently, we presented surface modification of MI sensor made of magnetic ribbons for environmental sensitivity and stability by coating vertical-Gr-oxide (GO) [32] . Essentially, Gr based materials play an important role in environmental sensitivity with preserving stability in different environments. [35, 36] Since the PIM influences the magnetization of the GNPs, these wholly magnetized plates can be mounted on the surface at the close proximity to the MI sensors.
The MI sensor is not only affected by the magnetization of these plates, but it can be influenced by their shielding performance thanks to their planar shapes. We show that the MI response increases significantly at the proximity of the magnetic-GNPs composites coated on surface of the sensor. 
Experimental

Preparation of YIG MNPs
Following our previous work on the preparation of MNPs [37] [38] [39] [40] , YIG-MNPs were synthesized 
Preparing Gr/YIG:
0.015 g YIG powder from each set was added to 35 ml ethanol followed by probe sonication for 30 min. 0.015 g of GNPs was added to the mixture followed by additional sonication for 30 min.
After the ultrasonic treatment, the solution was heated inside an oven at 75 °C for 12 h to dry the sample.
MI setup
Conventional melt-spinning technique was used to fabricate Co68.15Fe4.35Si12.5B15 magnetic ribbons with 0.8 mm width, 40 mm length and about 28 µm thickness. The impedance measurement was done using four-point probe method. An AC current passed through longitudinal direction of the ribbon (length= 4 cm) with different frequencies supplied by function generator with constant amplitude of 30 mA. The impedance was evaluated by measuring the voltage and current across the sample using a digital oscilloscope. An external magnetic field was applied along the ribbon axis to perform MI measurements. This magnetic field was produced by passing electrical current in a 40 cm long solenoid, which can generate a magnetic field up to 120 Oe. The longitudinal direction of samples was set perpendicular to the Earth's magnetic field to minimize its undesired impact on the measurements. 
MI sensing of Gr/YIG composite
In order to understand the impact of GNPs/YIG on the MI response, MI ratio of the samples were The maximum MI ratio occurs at the frequency of 10 MHz Relative contributions of domain wall motion and magnetization rotation to the transverse permeability should be considered in interpreting this trend. [22] The MI ratio increases by increasing frequency up to 10 MHz and then decreases by further increasing the frequency. The reduction of MI ratio at high frequencies is due to presence of eddy currents that causes damping of domain wall displacements and only rotation of magnetic moments takes place. In turn, the transverse magnetic permeability diminishes, and the MI ratio decreases. [22, 44] Maximum of the MI ratio for bare ribbon and ribbon coated by GNPs/YIG composites at the frequency range of 2.5-15 MHz are presented in Figure 5d . We observed that the increase of maximum MI ratio for the ribbons deposited by GNP/MCP-YIG is more than that of GNPs/NC-YIG. 
MI based detection of PIM in GNPs
MI is a surface sensitive effect due to the low skin depth of the ribbon. This property is the key to high functionality of MI sensors. Figure 7 indicates the schematic of the structural conditions in MI sensor at presence of GNPs/YIG composites. Naturally, at the rough surface of the magnetic there is a similar contribution to the reduction of fringe fields from the YIG in both samples while the MI is different. Thus, we speculate that there should be another source for different MI responses between these two samples. As seen in VSM results, the proximity of GNPs to MCP-YIG yields a bigger magnetic moment in GNPs. On the other hand, the MI enhancement of ribbon for the sample coated with GNPs/MCP-YIG is higher than the ribbon coated with GNPs/CN-YIG.
Therefore, according to the differences between the GNPs/CN-YIG and GNPs/MCP-YIG samples, it is deduced that PIM in GNPs is caused such a difference in the MI response of the two samples.
As schematically presented in Figure 7 , the undesired surface magnetic flux is getting diminished more in GNPs/MCP-YIG because their whole plane is being magnetized. The attenuation of the flux density on the surface of the ribbon results from a shielding effect of the ferromagnet (GNPs/YIG), which acts as a magnetic short-circuit and drives the flux lines directly towards GNPs/YIG composite. The higher the saturation magnetization the GNPs/YIG, the higher the trapped field on the top face of the ribbon and the larger the shielding effects of GNPs/YIG composite. Both of GNPs/YIG composites play this role and their MI enhanced compared to the bare ribbon, while the planar magnetized sample has more pronounced impact.
Moreover, in comparison to methods like X-ray magnetic circular dichroism (XMCD), magneto optical Kerr effect (MOKE), [46] anomalous Hall effect (AHE), [46] which provides direct proof of the magnetic proximity effect, our method presents a nearly comparative measurement tool which can be applied in a calibrated mode. Here, according to the MI results and proximity discussions, we suggest MI sensor as a probe for measurement of PIM. According to the similarity between the VSM results of both sets of bare YIG-MNPsand large difference between their composite with GNPs, it is reasonable to derive such a conclusion. Further researches on MI can help for fully concluding this claim.
Conclusion
In summary, we have observed the PIM effect in GNPs/YIG composites. It is verified that the PIM affected by the size and clustering of YIG-MNPs, probed with microscopic observation and magnetization measurements. The higher surface area of the interface between GNPs and YIGMNPs has resulted in the enhancement in magnetization mediated by PIM effect and also probed indirectly through the MI effect. The MI enhancement of ribbon for the sample coated with GNPs/MCP-YIG is higher than the ribbon coated with GNPs/CN-YIG. Therefore, according to the differences between the GNPs/CN-YIG and GNPs/MCP-YIG samples, it is conceived that planar magnetized GNPs has higher impact on vanishing the magnetic flux at the surface of MI element. The results of MI measurements reveal a great improvement of sensing performance and ability as a probe to detect the PIM. Our different results for PIM in GNPs/YIG composites mediated by particle size and clustering, and their effect on a proposed MI sensor can convey for further application in other magnetic systems and sensors with different mechanisms.
